
Abstract

The present thesis reports, research works done by the author (in collaboration

with a few others) to probe various aspects of cosmic rays related to their origin

through high energy gamma rays and neutrinos. The main objectives of the works

are

i) to review the present status of gamma ray and neutrino astronomy regarding

cosmic ray origin,

ii) to examine the spectral behavior of produced gamma rays and the conversion

efficiency in a few supernova remnants (SNRs) and to explore the consequences of

the maximum attainable energy of cosmic rays in SNR as Z times the knee energy,

where Z is the atomic number, as may be achievable under amplified magnetic field

scenarios, on the secondary gamma-ray spectrum of young SNRs,

ii) to investigate theoretically the implication of maximum attainable energy of cos-

mic rays to PeV energies in supernova remnants on high energy gamma rays and

neutrinos from molecular clouds proximity to the SNR and whether ongoing/near

future experiments of gamma rays/neutrinos can resolve the maximum energy is-

sue or not by observing high energy gamma rays/neutrinos from molecular clouds

around the SNR,

iii) to analyze the fluxes of high energy gamma rays and neutrinos produced in

interaction of high energy cosmic rays with solar radiation and coronal matter as

a cosmic ray mass spectrometric technique,

and

iv) to critically examine the conventional idea that high energy neutrinos are dom-

inantly originated only in hadronic processes by comparing the flux of leptonic

originated and hadronic originated high energy neutrinos from a viable cosmic ray

source,

It is widely believed that Galactic cosmic rays are originated in SNRs, where they

are accelerated by a diffusive shock acceleration (DSA) process in supernova blast



waves driven by expanding SNRs. In recent theoretical developments of the DSA

theory in SNRs, protons are expected to accelerate in SNRs at least up to the knee

energy. If SNRs are the true generators of cosmic rays, they should accelerate not

only protons but also heavier nuclei with the right proportions, and the maximum

energy of the heavier nuclei should be the atomic number (Z) times the mass of

the proton.

We investigate the implications of the acceleration of heavier nuclei in SNRs on

energetic gamma rays produced in the hadronic interaction of cosmic rays with

ambient matter. Our findings suggest that the energy conversion efficiency has to

be nearly double for the mixed cosmic ray composition compared to that of pure

protons to explain observations. One of the key unsettled issue in SNR origin of

cosmic rays model is the maximum attainable energy by a cosmic ray particle in the

supernova shock. Recently it has been suggested that an amplification of effective

magnetic field strength at the shock may take place in young SNRs due to growth

of magnetic waves induced by accelerated cosmic rays and as a result the maximum

energy achieved by cosmic rays in SNR may reach the knee energy instead of ∼
200 TeV as predicted earlier under normal magnetic field situation. We find that

the gamma-ray flux above a few tens of TeV would be significantly higher if cosmic

ray particles could attain energies Z times the knee energy in lieu of 200 TeV.

The two stated maximum energy paradigms will be discriminated in the future by

upcoming gamma-ray experiments like the Cherenkov Telescope Array (CTA).

In chapter 3 we investigate the implication of such maximum energy scenarios on

TeV gamma rays and neutrino fluxes from the four molecular clouds interacting

with the SNR W28. Our findings suggest that upcoming gamma-ray experiments

like the Large High Altitude Air Shower Observatory (LHAASO) and the CTA

should be able to settle the issue of the maximum energy of cosmic rays in SNRs

observationally. The estimated neutrino fluxes from the molecular clouds is, how-

ever, out of reach of the present generation of neutrino telescopes.

In chapter 4 we explore the possibility of estimating the mass composition of pri-

mary cosmic rays above the knee of their energy spectrum through the study of

high-energy gamma rays, muons, and neutrinos produced in the interactions of

cosmic rays with solar ambient matter and radiation. It is found that the the-

oretical fluxes of TeV gamma rays, muons, and neutrinos from a region around

15o of the Sun are sensitive to a mass composition of cosmic rays in the PeV



energy range. The experimental prospects for the detection of such TeV gamma

rays/neutrinos by future experiments are discussed.

Finally we demonstrate that TeV neutrinos can also be originated from energetic

electrons via electromagnetic interactions in different potential cosmic ray sources

with flux levels comparable to the hadronic originated neutrinos at high energies.

A notable signature of leptonic origin is the presence of a spectral break in the

energy spectrum of so produced neutrinos below which the flux decreases sharply

whereas above the break energy the spectrum will be flatter relative to cosmic ray

spectrum. For unambiguous identification of sites of hadronic cosmic rays it is

therefore necessary to measure the energy spectrum of TeV neutrinos over a wide

energy range. In contrast, the energy spectrum of TeV gamma rays generated

from energetic electrons via inverse Compton scattering will become steeper as

one approaches to higher energies. A combine detection of TeV gamma rays and

neutrinos with appropriate fluxes and spectral pattern from astrophysical objects

will thus provide a better opportunity for conclusive identification of the nature of

their origin, hadronic or leptonic.
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